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An increasing amount of effort is now spent on the theoretical modelling of biomolecular
processes. The availability of ever larger and faster computers and the development of efÍicient
codes based on theoretical models have brought enzymes within reach of computational chemisty.
In this thesis several aspects of different methods of theoretical chemistry are investigated. The
biomolecular process of interest is the proton transfer in the proposed reaction mechanism of
papain, a proteolytic enzyme. The reaction involves the active site residues which play a crucial
role in the reaction mechanism. The properties of the active site residues, like their pKa's, in a
protein environment can be different from their properties in solution. Hence, an accurate
description of the interaction of the active site residues with their environment, the remainder of the
protein and the solvent, is desirable for understanding the reaction mechanisms. In this thesis
several interaction models will be evaluated.
In chapter 1 a short outline will be given of the applied theories. Especially the closed shell
Hartree-Fock method and the group function approach will be discussed.
hactical aspects of the calculation of the proton transfer process in a model of the active site of
the thiol protease papain are explored in chapter 2 with basis sets of different sizes. Results from
ab initio calculations with the STO-3G, 4-3IG, 6-3lG, 6-3lG* basis set are compared for their
performance in describing the proton transfer energy. The nature of the convergence of the
calculated propenies of the potential curve for proton transfer with the increase in basis set
indicates the need for a split-valence basis set in order to archive an appropiate description of this
system. Correlation corrections to the calculated energies are shown to contribute significantly to
the characteristics of the proton transfer curve.
In chapter 3 a detailed study is reported about the differences between the point charge model,
the average reaction field method and the direct reaction field method as model for the interaction
between the active site and its environment. It is concluded that the electrostatic interaction is a first
order effect and should be obtained variationally. The effects of the reaction fields ale second order
effects and can be obtained as a first order perturbation. On that level of approximation using the
Direct Reaction Field is recommendable because it gives an estimate of the dispersion energy
without any additional computational effort in comparison with the average reaction field. Tht
Direct Reaction Field treats the two-electron interaction correctly by including the screening of thr
exchange.
The effects of several elements ofprimary and secondary structure on the proton transfer proces
in a model of the active site ofthe thiol protease papain are studied in chapter 4. Two differer
theoretical approaches , the Direct Reaction Field method and the Point Charge approximation at
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used in these calculations in order to evaluate the neccessity to represent the papain protein
environment as a polarizable medium. A change in geometry of the model of the active site favors
the proton transfer. The point charge model seems to be adequate for this kind of studies. The role
of Asp-158 in the proposed reaction mechanism of papain seems to be underestimated. However,
no solvent effect were included.
To study the effects of the solvent, the solvent is represented in chapter 5 as a homogeneous
dielectric continuum characterized by a dielectric constant e. The space enclosed by the'molecular
surface' of the molecule is used as the molecular cavity . The surface is obtained following
Connolly's method. This discretized surface is used to solve the Laplace (or Poisson) equation in
its integral form by means of a numerical approximation based on the 'Boundary Element
Method'. The accuracy and numerical behavior of this approach are evaluated. The method is
applied to the study of the solvent effect on the proton transfer in the active site of papain. The role
of Asp-158 in the proton transfer mechanism in papain is (re)evaluated in the presence of the
solvent model. It is concluded that the effect of the negative charge of Asp-158 is nearly
completely screened by the solvent.
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